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Abstract
Interaction between wage and economic growth is a very complex process. Scholars have different understandings about the 
relationship between the two. Some studies find a positive correlation between wage and economic growth, while others find 
negative correlations. Based on a multi-agent simulation model of the economic growth, we design a wage distribution 
mechanism to simulate the impact of wage distribution on economic cycles. It is found that there is an inherent relationship 
between economic growth cycles and the ratio of minimum wage to average wage. Through the empirical analysis using data 
from the United States between 1982 and 2013, existence of this relationship is confirmed. Understanding such inherent 
relationship may provide some insights for government to adjust minimum wage according to the pattern of economic cycles, 
optimize labor and social security policies, and to promote economic growth.
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1. Introduction
Chinese economy is now changing from investment and export driven to domestic demand driven. Raising
workers' income is known as an effective measure to improve the consumption capacity and promote domestic
demand. Both the government and researchers are concerning about how to allocate economic development 
dividend, raise the minimum wage level, optimize the distribution structure, and control the unemployment rate.
There are many factors that affect the income of workers. Internationally, labor income is adjusted by the 
wage policy facilitated by the collective bargaining system and the minimum wage system. Almost every 
government have to rely on wage policy to correct the market failure in order to achieve the social expectations,
which is morally acceptable or consistent with the local social justices. Otherwise, the long existence of wages 
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distribution imbalance will tend to expand the degree of income inequality among social groups, exacerbate the 
capital and labor conflict, increase the burden of redistribution, lower the total consumption level, and thus hinder 
the growth of the economy in the future [1]. It is essential to investigate impact of wage distributions on 
economics growth in different economic scenarios.
However, traditionally, wage distribution researches belong to microeconomics domain; while the economic 
growth researches are belong to the macroeconomics domain. Although the mutual influences between the wage 
and economic growth has been acknowledged in many existing researches. The complex, subtle and multi-
channel transmitted nature of such relations makes it difficult to be measured by traditional econometric 
instruments [2-5].
In recent years, multi-agent based simulation has become a powerful tool for complex systems research. 
Achievements have been made in both theoretical foundations and empirical applications [6-9]. One of the most 
distinguished features of multi-agent simulation approach is that mechanisms of individual decision behaviors 
can be configured and evolved directly without design a mathematically sound model of the whole system [10]. 
Sargent built an artificial adaptive agent system to analyze macroeconomic systems based on economic 
evolutionary principles and multi-agent techniques [11]. ASPEN, an agent based economic system of the United 
States was developed in the Sandia Laboratory in 1996 [12]. Simulation results of ASPEN shown, that micro 
decision behaviors of individuals driven by self-profit or self-utility maximization adapted and interacted causing 
the emergence of meaningful macroeconomic dynamics [13]. Here after, Keynesian theory of business cycle 
were validated by Bruun’s multi-agent simulation model [14]. And the Boxed economic models are developed 
by Iba to research the economic movement [15]. All these early researches attempted to solve complex economic 
problems from a bottom-up perspective of modeling the individual attributes, behaviors and interactions.
An agent-based economic growth model was proposed by Bruun et al, regarding the business cycle 
phenomena as an emergence of complex interactions among works, self-employed individuals and entrepreneurs. 
The model proposed a well-developed bottom-up mechanism of endogenous economic growth with formation 
of business cycles, which is a most judicious reflection of empirical economic systems so far. However, the 
settings of this model are succinct that it is not possible to research sophisticated individual decisions or economic 
policies [16-17]. This research introduced a two-attribute wage setting of fixed wage and variable wage to 
Bruun’s model. Wage distribution strategy variation’s impacts on economic growth are simulated through multi-
agent simulations and results have been validated with empirical data of the labor market of the United States.
The following section introduces the framework of the proposed model, and presents agent settings, simulation 
processes, and agent behavior arrangements. The third section presents the simulation results of the lowest wage 
policy’s impact on economic growth and business cycles. And the last section is constituted of discussions and 
further researches on wage distribution, economic growth and other related problems using multi-agent methods 
on the basis of the model proposed in this research.
2. The model of wage strategy
Bruun’s model of economic growth reveals the emergence of economic growth and business cycles due to 
firm formation and bankruptcy. In order to research the relation of wage distribution policy and economic growth, 
two extensions have been put forward. Firstly, a synthesized production rule is developed with artificial neural 
network and Cobb-Douglas production function together deciding the satisfying of demand. Secondly, the 
worker’s wage is designed as a composition of two parts: fix part standing for a minimum wage level, and variable 
part standing for entrepreneurs’ incentives for their workers. Dynamics of wage strategy and economic growth 
is researched through different ratio of the two parts. Assumptions of the proposed model are as follows:
1. All producers are self-employed at the beginning, and anyone may become an entrepreneur as long as it can 
provide enough wages.
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2. A producer’s consumption is positively correlated with its account. 
3. A firm goes bankruptcy if its account reaches the bankruptcy limit, and the loss is equally distributed among 
all producers.
4. The labor market is neither perfect competition nor monopsony, but a state between them.
The agent design, simulation procedure and agent behavior are elaborated in the following part of this section.
2.1. Agent design
An artificial world is designed geographically located on a two-dimensional torus. It is inhabited by economic 
agents who can be a self-employed individual producer, or an entrepreneur producer, or a worker producer. A 
producer can transform among three states under certain conditions. The three states of producers are described 
as follows:
1. Self-employed producer produces and satisfies demands sent to it independently, and keep the account it 
earns. Every producer is initially self-employed, until it becomes an entrepreneur by employing workers or 
becomes a worker by being employed.
2. Entrepreneur employs workers, and pay wages monthly. The entrepreneur and its workers become self-
employed when a firm goes bankruptcy.
3. Worker contributes to one or more entrepreneurs and earns wageǄ
Each producer is surrounded by eight producer neighbors. The locations of producers are fixed, and addressed 
by pairs of coordinates. Producers are consumers at the same time. They will send out their consumption demand 
to other producers.
2.2. Simulation procedure
The minimum unit of time in the model is a day. 20 days compose a month. A series of actions take place 
daily and some others occur monthly. Every producer makes consume decisions every day. Firm creation and 
production, wage assigning, and bankruptcy take place monthly.
The model is implemented on the Swarm platform based on Java [18]. Initially, each producer’s account is 
zero, and it choose a producer who it buys the virtual commodity from. It constantly buys from the selected 
producer unless the producer can’t satisfy its demand. Even if its demand is satisfied, it turns to another producer 
with the probability of 1/mutateMove.
2.3. Simulation procedure
2.3.1. Consumption decision
Consumption drives the whole model, since producers’ production decisions are made to meet the 
consumption demand of consumers. Each agent in the system is a consumer individually, and its demand quantity 
is decided by the following equation.
ܦ = ௛
ଵା௘షೌ೎೎೚ೠ೙೟/್ (1)
where account is the wealth of the producer, h and b are positive constants. We set h to 10 and b to 25 according 
to the empirical estimation Clower et al. made in [19].
The account can be changed through the following ways:
1. Each time a demand is satisfied, an indifferent good is transferred from the producer to the consumer. And 
the producer’s account is added by one, and the consumer’s is reduced by one.
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2. Each time a worker is paid, its account is added, while the entrepreneur’s account is reduced by the same
amount˗
3. When bankruptcy happens, the losses are distributed among all the remaining producers.
2.3.2. Firm formation and growth
Each producer can be modeled as a single-layer network with two input neurodes and one output neurode (Fig
1).
A
B
W0
WA
WB
Fig. 1. A producer represented by a single-layer network
The input is represented by (A, B), and the value of A and B can be 1 or -1, which result in four input value
combinations. The correct output is the result of XOR with input combination (A, B) (Table 1).
Table 1. The producers’ inputs and corresponding outputs
Input Output 
(1, 1) -1
(1,-1) 1
(-1, 1) 1
(-1,-1) -1
A producer tries to satisfy whatever demand is signaled to it, by giving the respond calculated from the
following function.
f(AˈB) = w଴ +w୅A +w୆B (2)
The function f(A, B) is to approximate the XOR mapping but never totally equivalent to it.. This exactly
represents the producers’ physical cognitive and computational limitations, that individual producers are always
bound to make mistakes despite their on-going induction process captured by the neural network learning 
algorithm. They will not be able to always react correctly to all the stimuli signaled by the consumers.
This is how a producer learns. weight=(w଴ˈw୅ˈw୆)in the former function. Each time it responds in error, 
it updates weight in the following way.
weight’ = weight + C×E (3)
in which C is the correct output, and E is the received input. By this way, it evolves to the respond as right as
possible.
A producer tries to hire the labor of its neighbors. If it is successful, it will then be in charge of coordination 
its own observation of the demand signal plus the elaboration that its workers have performed. The original
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average wage becomes larger when the minimum wage ratio is larger. This means the cycle of GDP is leading 
the cycle of the average wage. 
Time-difference correlation is used to analyze the relation between GDP and the average wage with the 
different the minimum wage ratio. First, the trends of GDP and the average wage are removed using the 
Hodrick-Prescott (HP) filter. Then we analyze the maximum correlation between GDP and the average wage 
while the minimum wage ratio is 0, 0.3or 0.5 (Table 2).
Table 2. Correlation of GDP and the average wage
£ Leading period of GDP Correlation coefficient
0 0 0.708
0.3 2 0.739
0.5 7 0.522
The above table suggests the leading period from GDP to the average wage becomes larger if the minimum 
wage ratio ȕ is larger. That means the real wage responds slower to the economic growth change when the fixed 
part of wage is larger.
To verify the simulation result, wage related empirical data from the United States is investigated. We use the 
data from 1982 to 2013, and use minimum wage as the fixed part of the wage, and average wage as the real wage. 
The ȕ is calibrated as minimum wage divided by average wage. As for the data, we use federal minimum wage 
under the Fair Labor Standards Act of 1938, and unit labor cost, both released by United States Department of 
Labor.
First of all data pre-processing is conducted. The minimum wage is not continuous so for each period the data 
is missing, we use the data of previous period as to as a supplement. And then transfer the data as represented by 
2009 US dolor using CPI. After data pre-processing, the proportion of minimum wage in average wage is shown 
LQ)LJ7KLVLVHTXDOWRWKHUDWLRRIIL[HGZDJHLQWRWDOZDJHZKLFKLVȕLQRXUPRGHO
Fig. 3. Percentage of minimum wage in average wage: US 
From 1982 to 2013, there are three periods depending on the percentage of minimum wage in average wage. 
The first is from 1982 to 1988, in which the percentage is larger than 0.082. The second is from 1989 to 1999, in 
which the percentage is between 0.074 and 0.082. And the third is from 2000 to 2013, in which the percentage is 
between 0.053 and 0.074.
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Now we try to investigate whether the correlations exhibit the same pattern as our model. HP filter is used to 
obtain a decomposition of GDP and unit labor cost into a trend component and a cyclical component. Correlations 
between the two cyclical components are calculated and shown in Table 3.
Table 3. An example of a table
Time period Ratio of minimum wage Leading period of GDP Correlation coefficient
1982-1988 0.082-0.12 4 0.695
1989-1999 0.074-0.083 1 0.504
2000-2013 0.053-0.074 0 0.992
From Table 3 we see that the correlation coefficient are all larger than 0.5, so the two series are strongly 
correlated across time. And the bigger the ratio of minimum wage is, the longer the GDP leads the unit labor cost. 
The result is in accordance with our model.
4. Conclusion
As a French economist, Pascal Bye [21], pointed out the basic problem of development economics, that is 
why the economic growth rate among nations is not the same, the answer is probably the main hypothesis (If 
proven to be the case), namely wage costs is a decisive factor. There are the mutual influence of internal 
relationships between wage and economic growth. In a nutshell, the mutual influence of wage and economic 
growth is reflected in two aspects: For workers, wage means income, rapid economic growth resulted in wage 
increases, wage increase should promote consumption demand. At the same time, wage means the cost of 
enterprises, the improvement of wage increase the production cost of enterprises, reduce the production efficiency 
of enterprises, which may hinder the economic growth.
In the existing research work, study on the wage problem belongs to the category of microcosmic economics 
mostly, observation and discussion on the wage problem from a different perspective, has made the very rich 
research achievements [22]. Wages have multiple attributes, hot issues of the related research include the 
structure of wage and employment, the wage gap between industry, wage and labor protection, salary form in the 
monopoly market and the non-monopoly market, and so on. From a different perspective, wages may be different 
effects on economic growth. We see from existing research results, using different methods, the research 
conclusion may be different. This is indicative of the impact of wages on economic growth is a complex, 
endogenous and covert.
In the agent-based economic model proposed by Brunn, wage is only single attribute, and it determined by 
the entrepreneur's experience, the research object is the emergence of the economic cycle of the model [23]. We 
tried to divide the single attribute of wage into fixed and variable parts. That means we consider general wage 
(average wage) consists of two parts, the minimum wage and the higher part. The minimum wage is fixed, is 
determined by government statutory or collective bargaining mechanism, and the higher part is variable, and is 
determined by the market, determined by the corporate profits. Wage subdivided into two parts, it introduces a 
more detailed analysis of salary to the internal influence of other economic factor of production possibilities.
Through improved multi-attribute wage simulation model, we find the minimum wage and economic growth 
has a cyclical relationship. Analysis of the USA 1982 -2013 years of actual data, confirmed the existence of this 
relationship. Therefore, the government and other stakeholders when adjusting or setting the minimum wage, 
need to be aware of the cyclical nature of economic growth, to develop appropriate minimum wage standard, 
optimize the labor and social security policy, and promote economic growth.
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The improved model we proposed in this research is capable of simulating and research the effect of full 
competition market and the monopoly labor market wage on economic development. And potential applications 
are expectable in the minimum wage collective bargaining, which is not only another important wage distribution 
system, but also a commonly used means of regulating labor income internationally.
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